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L INTRODUCTION

1. This report presents the results of a study conducted by G.E.C., Inc. (Gulf Engineers &
Consultants, Inc.) for the New Orleans District (NOD), U.S. Army Corps of Engineers (USACE),
concerning depth-damage relationships for structures, contents, and vehicles and content-to-
structure value ratios for residential and nonresidential structures in a 10-parish study area
including portions of Ascension, Assumption, Iberia, Iberville, Lafourche, Pointe Coupee,

St. Martin, St. Mary, Terrebonne, and West Baton Rouge Parishes, Louisiana. These
relationships and ratios, which are based on typical residential and commercial structures found in
the parishes, will be used as a basis for damage calculations in ongoing and future flood control
and hurricane protection studies.

2. Recurrent flooding in Southern Louisiana has led Congress to authorize the NOD to
conduct numerous flood damage reduction studies. A number of these studies are large in scope
because they encompass densely populated urban areas. Others are of smaller scale as they
address problems associated with local or rural flooding. Regardless of scale, accurate estimates
of damages to residential and commercial structures and their contents are essential in establishing
the feasibility and optimal choice of engineering plans designed to alleviate the effects of flooding.
The relationship between the depth of flooding and the severity of damage to structures and their
contents is an integral component of the methodology used to estimate the economic benefits
associated with floodplain modifications.

3. Four relationships that are necessary to estimate flood damages are: depth-damage for
structures, depth-damage for contents, depth-damage for vehicles, and content-to-structure value
ratio (CSVR). The depth-damage relationships are formulated as curves and described
mathematically. They define the relationship between the depth of flooding and the percent of
damage that occurs to structures and contents. Depth refers to the depth of flooding above or
below the first floor of the structure. The percent damage to structure refers to the percent of the
total depreciated replacement cost of the structure that is damaged. In the derivation of
depth-damage curves, depth of flooding is a given quantity and is expressed in one-half foot
increments over the range from -1.0 to +2.0 feet and in one foot increments over the range from
2.0 to 15.0 feet. The damages to structures and contents are displayed as percentages. The
CSVR is expressed as a ratio of two values: the depreciated replacement cost of contents and the
depreciated replacement cost of the structure.

4. The objective of this study was to develop depth-damage relationships and CSVR for an
array of residential and commercial structure and content types. Residential structures were
divided into one-story on pier, one-story on slab, two-story on pier, two-story on slab, and mobile
home categories. Commercial structure types were categorized as metal frame walls, masonry
bearing walls, and wood or steel frame walls. Residential contents were evaluated as one-story,
two-story, or mobile home. Commercial content categories included the following types: eating
and recreation, groceries and gas stations, multi-family residences, repair and home use, retail and
personal services, professional businesses, public and semi-public, and warehouse and contractor
services.



5. Depth-damage relationships were formulated for each structure type, for each content
type, and for the following hydrologic conditions: (1) riverine or rainfall flooding - short duration
(one day or less) freshwater; (2) riverine or rainfall flooding - long duration (two to three days)
freshwater; (3) hurricane flooding - short duration (one day) saltwater; (4) hurricane flooding -
long duration (one week) saltwater. These conditions assume that there are no effects attributable
to wind or current and that the structure does not lift from its foundation.

6. Field surveys or interviews and expert panel opinions were the two primary sources of
data used to develop depth-damage relationships for this study. Homeowners and business
owners/operators were interviewed. Surveyed residences were videotaped to assist the expert
panel in developing damage estimates, and the homeowner was interviewed to attain a complete
inventory of contents and an estimate of structure value. Interviews with commercial operators
resulted in owner/operator estimates of damages that would occur to contents and structure at
various flooding levels, as well as a total value for contents and structure. Marshall & Swift
Valuation Service estimates of structure value were also generated from survey data to compare
to the interview estimates. A panel of local experts was assembled to provide expert opinion
estimates of content and structure values for typical cases as well as damages that would occur at
various depths of flooding.

II. OVERVIEW OF STUDY RESULTS

1. The main focus of this study was to develop freshwater and saltwater (long and short
duration) depth-damage relationships and content-to-structure value ratios based on expert panel
estimates. Homeowner and commercial interviews were used to assist the panel with their
estimates. Tables 1 and 2 present an overview of residential structure depth-damage relationships
developed by the expert panel for the four hydrologic conditions. Table 3 shows expert panel
estimates for commercial structure depth-damage relationships.

2. Table 4 shows the expert panel freshwater and saltwater (long and short duration) depth-
damage estimates and CSVR for residential contents. Expert panel estimates of depth-damages
and CSVR for non-residential contents are presented in tables 5 and 6 for freshwater and
saltwater, respectively. Tables 7 and 8 provide depth-damage relationships for contents and
structures, respectively, and CSVR for non-residential contents based on owner/operator
interviews. Vehicle depth-damage estimates based on operator interviews are presented in
Table 9.

3. The tables in this overview provide a summary of the study results. Detailed
methodologies related to the formulation of depth-damage relationships and CSVR from both
interviews and experts are included in subsequent sections of this report.
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Table 8. Composite Depth-Damage Relationships
for Non-Residential Structures, Operator Interview Estimates

Flood Depth Masonry | Wood or Steel

(ft) Metal Frame Bearing Frame
-1.0 0.0 0.0 0.0

-0.5 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.5 44 7.9 11.9
1.0 10.1 13.7 18.3
1.5 13.2 19.1 23.5
2.0 18.6 25.9 31.0
3.0 21.0 33.4 38.1
4.0 274 40.5 43.1
5.0 38.2 47.7 50.8
6.0 47.1 534 57.0
7.0 49.7 54.3 60.6
8.0 53.1 64.8 69.2
9.0 54.8 68.6 71.8
10.0 58.9 72.4 75.5
11.0 59.2 74.1 77.5
12.0 60.4 75.7 83.7
13.0 60.7 77.0 84.6
14.0 61.0 77.5 85.4
15.0 61.6 78.1 91.3

Source: G.E.C., Inc., Commercial Operator Interviews, November 1996.
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Table 9. Depth-Damage Relationships for Vehicles
' Operator Interview Estimates

Survey Number Market Flood Depth (feet)
d Cat Value ($ -
anc ategory alue (3) 0.5 1.0 1.5 2.0 3.0
1 Compact 13,000 0.0 8.0 14.0 19.0 100.0
1 Mid-Size 17,000 0.0 6.0 11.0 15.0 100.0
1 Full-Size 25,000 0.0 4.0 7.0 10.0 100.0
2 Compact 15,000 0.0 6.0 12.0 17.0 100.0
2 Mid-Size 20,000 0.0 5.0 13.0 25.0 100.0
2 Full-Size 33,000 0.0 3.0 15.0 24.0 100.0
3 Compact 13,000 0.0 0.0 19.0 100.0 100.0
3 Mid-Size 20,000 0.0 0.0 15.0 100.0 100.0
3 Full-Size 28,000 0.0 0.0 14.0 100.0 100.0
Avg. Compact 13,667 0.0 4.7 15.0 453 100.0
Avg. Mid-Size 19,000 0.0 3.7 13.0 46.7 100.0
Avg. Full-Size 28,667 0.0 2.3 12.0 447 100.0

Source: G.E.C., Inc., Commercial Operator Interviews, December 1996.
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IIl. STRUCTURE DEPTH-DAMAGE RELATIONSHIPS
BASED ON EXPERT OPINION

A. Panel of Experts

1. The primary source for obtaining depth-damage relationships and CSVR used in this study
was a local panel of experts based on the “Expert Opinion” method described in the Handbook of
Forecasting Techniques (IWR Contract Report 75-7, December 1975) and Handbook of
Forecasting Techniques, Part II, Description of 31 Techniques (Supplement to IWR Contract
Report 75-7, August 1977). Although the development of depth-damage curves and CSVR are
not strictly forecasting exercises, the expert panel method is well-suited to the preparation of
these types of data. '

2. To obtain depth-damage estimates from knowledgeable individuals in the study area, a list
of potential experts was developed through various references and through the Yellow Pages for
the 10-parish area. The study effort required experts from several different fields. The panel for
determining structural depth-damage relationships required four individuals with knowledge and
skills in residential and commercial construction and repair consistent with that of professional
general contractors, two individuals with specific experience or skills in flood damage assessment
consistent with that of professional or licensed insurance claims adjusters, and one individual with
knowledge and skills of carpet and floor replacement consistent with that of a professional
Certified Restorer. Each potential expert was contacted and provided with an explanation of the
study effort. After the potential panel members were contacted and were verified to be suitable in
terms of the study methodology, the New Orleans District (NOD) was provided with panel
members resumes and credentials. The following persons agreed to participate in the structure
expert panel meetings and had the knowledge and skills required by the study effort.

3. Daryl Patin, P.E. -- Mr. Patin is a registered Professional Engineer and a registered Land
Surveyor with 34 years of experience in the civil/structural field. He is currently the owner and
chief engineer/land surveyor of Patin Engineers and Surveyors. During his practice, Mr. Patin has
performed subdivision design and layout, construction inspection, water distribution, open
channel and subsurface drainage, structural design for nursing homes, vocational schools,
commercial buildings, hospitals and churches. Prior to owning his practice, Mr. Patin worked for
Bovay Engineers in Baton Rouge, Louisiana, Crown Zellerbach Corporation in St. Francisville,
Louisiana, Fromherz Engineers in New Orleans, Louisiana, and Boeing Co. in New Orleans,
Louisiana. Additionally, Mr. Patin’s professional affiliations include the American Society of Civil
Engineers, Louisiana Engineering Society and the Louisiana Land Surveyors Association. He
holds a B.S. degree in Civil Engineering from the University of Southwestern Louisiana, an M.S.
degree i Civil Engineering from Louisiana State University and an MBA from Loyola University.

4. Patrick Boutté -- Mr. Boutté is a Master Builder with 14 years of experience and is the

owner of Division Six Carpentry, Inc., a design and build company. His business mainly
constructs residential properties but also performs residential renovations and repair. Prior to
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owning his business, Mr. Boutté was Operations Manager for JFC Construction in Holden,
Louisiana. Mr. Boutté is currently the Treasurer-elect for the Acadian Homebuilders Association
and has also served as the organization’s Secretary, Education Chairman, and served on the
Membership Committee. Mr. Boutté is the Chairman for the Education Committee for the
Louisiana Home Builders Association. His other affiliations include: National Homebuilders
Association, National Federation of Independent Businesses, Knights of Columbus, and the
Chamber of Commerce. Mr. Boutté is currently pursuing National Certification as a professional
builder, he is a graduate of the Builders Institute and the Remodeler Institute. Additionally,

Mr. Boutté attended the University of Southwestern Louisiana and studied Architecture and
Construction Science.

5. Roger McChargue -- Mr. McChargue is a licenced contractor with 31 years of
experience. He is currently the owner of McChargue Construction. The main focus of his
business is commercial and light industrial construction, but he also constructs custom residential
homes. Mr. McChargue conducts cost estimates and performs construction management for all
projects. Mr. McChargue earned a B.S. degree in Accounting from Nicholls State University.

6. Wayne Macks -- Mr. Macks is a licensed building contractor and has had his own
construction business since 1990. In total, Mr. Macks has over 20 years of commercial and
residential construction experience. He has experience in new construction as well as home
improvements. Mr. Macks continually attends construction courses which demonstrate modern
construction products and methods of installation. Mr. Macks is a member of the Louisiana
United Business Association, the Better Business Bureau, the Chamber of Commerce, and the
National Federation of Independent Businesses.

7. Don Grissom -- Mr. Grissom is an insurance adjuster with Crawford and Company. He is
a Flood Certified Adjuster and has 25 years of experience writing flood claims. Mr. Grissom is a
graduate of Northwestern State University and he has attended many seminars, adjusting schools
and property schools as a professional adjuster. Additionally, he has attended the Insurance
Institute of America. Mr. Grissom’s specific flood experience includes supervising 25-30
property adjusters at storm offices which were set up for Hurricanes Juan and Andrew.

8. H. Chris Ashy -- Mr. Ashy has been a claims adjuster for Lindsey Morden Claim
Services since 1991. His experience includes casualty and property claims. Mr. Ashy is a
National Flood Insurance Program (NFIP) flood certified adjuster and has worked in several flood
events. In addition, Mr. Ashy has experience in residential and commercial building and
restoration. Professional affiliations include the Baton Rouge Claims Association. Mr. Ashy’s
education includes continuous claims adjusting course work offered by the Vale National Training
Center. He also holds a B.A. degree in General Studies from Louisiana State University.

9. George Ferris -- Mr. Ferris is President of Modern Way Cleaning and Restoration in

Metairie, which has restored homes and businesses damaged by floods and other water conditions
in the surrounding parishes for over a decade. His current certifications include Senior Carpet
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Inspector and Master Cleaning and Restoration Technician from the Institute of Inspection,
Cleaning, and Restoration Certification (IICRC). Modern Way dried and restored homes and
businesses during the 1989 freeze, the 1993 flood, and the May 1995 flood. Mr. Ferris has
extensive experience in drying contents and structures, when fire or water damage has occurred.

B. Expert Panel Meetings for Structures

10.  The expert panel for structures met on January 21 and 22, 1997, in the main conference
room of T. Baker Smith and Son, Inc., Houma, Louisiana. The agenda for the January 21
meeting included the development of structural depth-damage relationships for one-story on pier,
one-story on slab, two-story on pier, and two-story on slab residences. The January 22 meeting
addressed depth-damage relationships for mobile homes, metal frame, masonry bearing walls, and
wood or steel frame commercial construction.

11.  The panel was asked to determine depth-damage relationships for typical structures in the
Lower Atchafalaya and Morganza Study areas. The depth-damage relationship is the expected
amount of damage in dollars, or as a percentage of total value, for each foot of flooding above or
below the first floor of a structure. These percentages were estimated for four different flood
scenarios: (1) rainfall flooding, short duration of one-day freshwater; (2) rainfall flooding, long
duration of two to three days freshwater; (3) hurricane flooding, short duration of one-day
saltwater; (4) hurricane flooding, long duration of one-week saltwater. Based on limited field
surveys and the experience of the members of the panel, typical structures were defined for each
residential and commercial structure category. Each typical structure was assigned a replacement
cost based on its new construction value.

12.  For each of the structure categories, the panel developed collective depth-damage
estimates by evaluating the damage to each component of the structure. The component damage
was defined as the cost to repair or replace the item. If it was feasible to repair the item, the
repair cost was used. For components that could not be repaired, the replacement cost was used.
Based on their experience, the experts made judgements as to how and at what depth each
component of the structure would be damaged by flood waters. A list of these assumptions for
structure damage is provided in Appendix A. After each component in the structure was
analyzed, the total damages at each increment of flooding were summed and shown as a
percentage of the total replacement cost of the structure.

13.  Itemized depth-damage for all structure categories were estimated for the freshwater short
and long duration conditions. From these resulting depth-damage curves, a minimum and
maximum percent damage was determined by the panel for each structure category. These
variations from the most likely estimate were usually determined by the panel to be a percent
change above or below the total itemized damage. Saltwater short and long duration depth-
damage curves were also determined as a percent adjustment from the freshwater curves,
including the most likely, minimum, and maximum percent damage values. Expert comments and
assumptions about saltwater damage and long duration flooding damages appear in Appendix B.
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C. Residential Structures

14.  The expert panel was provided preliminary descriptions of each residential structure
category prior to developing their group individual estimates. These descriptions were
determined from limited field surveys throughout the study area and were intended as a basis for
the experts to estimate typical characteristics for each category. The experts were also shown
video taken of surveyed residential structures. Descriptions of each type of structure included
quality of construction, condition, age, square footage, and depreciated structure value. The
experts discussed each category and determined, on the basis of their experience in the study area,
that the typical size for each category provided by the field survey needed to be adjusted. The
panel then estimated a new construction cost per square foot for each type of home. From this
total structure value the panel developed a list of structural items, with an estimated construction
value, comprising the typical structure for each category. The resulting itemized structure values
were used in developing depth-damage relationships for each residential category. Table 10
shows the square footage and total structure value as determined by the expert panel for each
residential structure type.

Table 10. Typical Residential Structure Size and Value

Residential Category Square Footage New Construction Value
One-story on pier 1,250 $ 71,188
One-story on slab 1,650 $ 87,800
Two-story on pier 2,400 $146,159
Two-story on slab 2,700 $166,600

Mobile home 1,064 $22,650

Source: Expert Panel Meeting, Houma, Louisiana, January 21-22, 1997.

15. The first structure category considered by the panel in the January 21 meeting was a
1,250 square foot, one-story on pier residence. This type of home could be built new in the study
area, not including the price of land, for $71,188 according to the experts. Tables 11 through 13
provide depth-of-flooding vs. percent damage estimates for short and long duration, freshwater
and saltwater flooding, developed by the experts as a group considering itemized damage to the
structure. Figure 1 provides a graphical comparison of the freshwater and saltwater short and
long duration depth-damage curves for a one-story on pier residential structure.
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